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$\frac{\partial u}{\partial i}-\Delta u-\lambda\theta e_{z}+u\cdot\nabla u+\nabla p=0$,
$\nabla\cdot u=0$ , $((x, y, Z)\in \mathrm{R}^{2}\mathrm{X}(0,1), t>0)$
$Pr \frac{\partial\theta}{\partial t}-\Delta\theta-\lambda u\cdot e_{z}+Pru\cdot\nabla\theta=0$.
, $u=(u_{x}, u_{y}, u_{z})$ , $p$ , $\theta$ $1-z$
, $e_{z}=(0,0,1)$ . $\lambda^{2}$ , $Pr[]\mathrm{h}$ ,
$\lambda^{2}=\frac{g\chi(T_{2}-T_{1})d^{3}}{\nu\kappa}$ , $Pr= \frac{\nu}{\kappa}$ .
, $g$ , $\chi$ , $\nu,$ $\kappa$ , .
, $z=0,1$
(2) $\frac{\partial u_{x}}{\partial z}=\frac{\partial u_{y}}{\partial z}=u_{z}=\theta=0$ $(z=0,1)$ ,
$x$ , y-
(3) $u,p,$ $\theta$ $(.x, y)$ $(- \frac{\pi}{\alpha}, \frac{\pi}{\alpha})\mathrm{x}(-\frac{\pi}{\omega}, \frac{\pi}{\omega})- \text{ }$
.
(4) $u|_{t=0}=u_{0}$ , $\theta|_{t=0}=\theta 0$
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, (1)$-(4)$ .
(1)$-(4)$ , $u$ .
$u$ $=$ $\underline{\delta}\varphi+\underline{\epsilon}\psi+\underline{f}$
$=$ $++$
. $\varphi,$ $\psi$ $(x, y)$ $u$ . ,
$\int_{\mathcal{P}}\varphi(x, y, z)d_{X}dy=\int_{\mathcal{P}}\psi(x, y, Z)dXdy=0$ , $P=$ $(- \frac{\pi}{\alpha’}, \frac{\pi}{\alpha}))$ $\cross$
$-$ . (1)
(5) $B\emptyset’+A\phi-\lambda C\phi+N(\phi, \phi)=0$
. , $\phi=(\varphi, \psi, \theta, f_{1}, f2)^{\tau}$ ,
$B=$




(6) $\varphi=\partial_{ZZ}\varphi=\partial_{z}\psi=\theta=\partial_{Z}f1=\partial f_{2}z=0$ $(_{Z--}0,1)$ ,





$L_{M}^{2}(\Omega)=\{\varphi\in L^{2}(\Omega);I^{\varphi()=}\mathcal{P}X, y, zdxdy0, z\in(\mathrm{o}, 1)\}$ ,
$L_{M}^{2}(0,1)= \{f\in L2(0,1);\int_{0}^{1}f(Z)dz=0\}$
, $B,$ $A$ (6),(7) , $L_{M}^{2}(\Omega)^{2}\mathrm{x}L^{2}(\Omega)\cross L^{2}(M0,1)^{2}$
.
, 2 ,
$\partial_{y}\equiv 0$ , $\Omega=$
.
$\cross(0,1)$
. (5) $\beta^{-1}$ (9) :
(9) $\phi’+\overline{A}\phi-\lambda g-1C\phi+\beta-1N(\emptyset, \phi)=0$ in $D(\beta^{1/2})$ .
, $\overline{A}$ $B^{-1}A$ $D(B^{1/2})$ .
2.
(9) x- $\frac{2\pi}{\alpha}-$ :
. 1. ( Judovich [3], Rabinowitz [8] )
$\alpha_{c}=\pi/\sqrt{2}$ , $|\alpha-\alpha_{\mathrm{C}}|<\epsilon_{1}$ ( $\epsilon_{1}>0$ ) . $\exists\epsilon_{0}>0$ ,
$\exists\{\phi_{s}, \lambda\}=\{\phi_{s}(\epsilon), \lambda(\epsilon)\}(|\epsilon|<\epsilon_{0})$ : non-trivial solution branch of (9) such that
$\phi_{s}=(\varphi_{S}, \psi_{s}, \theta s’ f_{1S}, f_{2s})^{\tau}$ , $\psi_{\theta}=f1s=f_{2s}=0$ ,
$\varphi_{s}$ $=$
$\mathcal{E}\sin\pi z\cos\alpha x+^{o(\epsilon^{3})}$ ,
$\theta_{s}$ $=$
$\epsilon\alpha(\alpha^{2}+\pi^{2})^{1}/2\mathrm{i}\mathrm{n}\pi \mathrm{s}Z\cos\alpha x-\epsilon\frac{Pr\alpha^{3}(\alpha^{2}+\pi 2)1l2}{8\pi}2\sin 2\pi Z+o(\epsilon)3$ ,
$\lambda$ $=$
$\lambda_{0}+\epsilon^{2}\frac{Pr^{2}\alpha^{3}(\alpha^{2}+\pi^{2})^{1/}2}{16}+o(\mathcal{E})3$ , $\lambda_{0}=\frac{(\alpha^{2}+\pi^{2})^{3/2}}{\alpha}$ .
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3.
$N$ , $\phi_{s}$ $x$ $\frac{2N\pi}{\alpha}-$ . ,
$x$ $\frac{2N\pi}{\alpha}$ - $\phi_{s}$ .
$\phi$ .
(10) $\phi’+\overline{A}_{N}\phi-\lambda\beta^{-1}Nc_{N}\phi+\beta_{N}^{-1}\mathcal{M}\emptyset+B_{N}^{-1}N(\phi, \phi)=0$.
, $B_{N},\overline{A}_{N}$ $C_{N}$ , $B$ , $C$ $\Omega_{N}=(-\frac{N\pi}{\alpha}, \frac{N\pi}{\alpha})\cross(0,1)$
,





$\mathcal{L}_{N}$ $\sigma(\mathcal{L}_{N})$ . $\beta$
$\alpha=\alpha_{\mathrm{c}}+\beta\epsilon$
.
2. (i) $256\beta^{2}<Pr^{2}\pi^{4}$ . , ,
$\sigma(\mathcal{L}_{N})\subset\{0\}\cup\{\sigma;{\rm Re}\sigma>0\}$ .
, $0$ simple eigenvalue , $\partial_{x}\phi_{s}$ .
(ii) $256\beta^{2}>Pr^{2}\pi^{4}$ . , $\epsilon$ $N$ ,
${\rm Re}\sigma<0$ $\sigma\in\sigma(\mathcal{L}_{N})$ .
. (i) $256\beta 2<Pr^{2}\pi^{4}$ . , $\exists\gamma_{0}>0:\epsilon,$ $N$ , $\exists\delta=\delta(\epsilon)>0$
$\mathrm{s}.\mathrm{t}$ . $N$ , $\sigma\in\sigma(c_{N})\cap\{\sigma;0\leq{\rm Re}\sigma\leq\delta\}$ :
$\sigma=\frac{1}{1+Pr}(1-\frac{256\beta^{2}}{Pr^{2}\pi^{4}}+o(\epsilon)\mathrm{I}^{\alpha}2m+O(N^{-3})$ .
,
$\alpha_{m}=\frac{\alpha}{N}m$ , $|m| \leq\epsilon\frac{\gamma_{0}}{\alpha}N$, $m\in \mathrm{Z}$ .
(ii) $\mathrm{K}\mathrm{i}\mathrm{r}\mathrm{c}\mathrm{h}\mathrm{g}\ddot{\mathrm{a}}\mathrm{s}\mathrm{S}\mathrm{n}\mathrm{e}\mathrm{r}- \mathrm{K}\mathrm{i}\mathrm{e}\mathrm{l}\mathrm{h}_{\ddot{\mathrm{O}}}\mathrm{f}\mathrm{e}\mathrm{r}[5]$ . $\alpha\neq\alpha_{\mathrm{c}}$ , $N$
, $|\lambda(\epsilon)-\lambda_{0}|\ll 1$ , ${\rm Re}\sigma<0$ $\sigma\in\sigma(\mathcal{L}_{N})$ .
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(iii) Busse-Bolton [1] , 3 ,
, , 2 , 2
. 2 [1] .
(iv) Swift-Hohenberg , 2 Collet-Eckmann [2],
Kuwamura [6], [7] .
4. 2




$-\sigma\varphi+\overline{A}_{N}\varphi-\lambda B-1(N-\partial xx)\theta+B_{N}^{-}1\mathcal{M}_{1\varphi}=$ $0$ ,
$-\sigma\theta+Pr^{-}1(-\Delta)\theta-\lambda Pr^{-1}(-\partial xx)\varphi+Pr-\iota_{\mathcal{M}_{2}}\phi=$ $0$ .
,
$B_{N}\varphi=(-\Delta)(-\partial_{xx})\varphi$,
$\varphi\in D(BN)=\{\varphi\in L_{M}2(\Omega N);BN\varphi\in L2(\Omega_{N}), \varphi=0, z=0,1\}$,
$\overline{A}_{N}$ $B_{N}^{-1}A_{N}$ $D(B_{N^{/2}}^{1})$ ,
$A_{N}\varphi=\Delta^{2}(-\partial_{xx})\varphi$,
$\varphi\in D(A_{N})=\{\varphi\in L2M(\Omega N);AN\varphi\in L2(\Omega_{N}), \varphi=\partial_{zz}\varphi=0, z=0,1\}$
,
$\mathcal{M}_{1}\varphi=\underline{\delta}\cdot(\underline{\delta}\varphi_{s}\cdot\nabla\underline{\delta}\varphi+\underline{\delta}\varphi\cdot\nabla\underline{\delta}\varphi_{s})$ ,
$\mathcal{M}_{2}\phi=Pr(\underline{\delta}\varphi s. \nabla\theta+\underline{\delta}\varphi\cdot \mathrm{v}\theta s)$ .
.
, $N$ , $L_{N}$ $0$ 2 (i)
.
$\phi_{s}=\phi_{s,e}$ , $\mathcal{L}_{N}=\mathcal{L}_{N,\epsilon}$ . $\mathcal{L}_{N,0}$ $0$ ,
$\sin\pi z\exp(\pm\alpha x)$
. , $\mathcal{L}_{N,0}$ $0$
(13) $\sin\pi z\exp(\pm i\alpha x)\exp(i\alpha_{m}x)$ ,
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$\alpha_{m}=\frac{\alpha}{N}m,$ $|\alpha_{m}|\ll 1$ , . , $\epsilon>0$ $\mathcal{L}_{N,e}$ $0$
(13) . , $\varphi\in L^{2}(\Omega_{N})$




$=$ $\sum\sum a_{Nq+m}(Z)\exp(i(\alpha q+\alpha_{m})x)$ , $\alpha_{m}=\frac{\alpha}{N}m$
$-1^{\frac{N}{2}}]_{q}\in \mathrm{Z}$
$=[ \frac{N- 1}{\sum_{-[\frac{N}{2}}^{2}}]]$ ($\sum_{q\in \mathrm{Z}}aNq+m(z)\exp(i\alpha qx)$) $\exp(i\alpha x)m$ .
$\varphi_{m}(X, Z)=\sum a_{Nq}+m(Z)\exp(i\alpha qx)$ , $\varphi_{m}(x, z)$ $x$ $\frac{2\pi}{\alpha}$ .
$q\in \mathrm{Z}$
$\text{ }$ ,
$\grave{T}_{m}$ : $L^{2}(\Omega_{N})arrow L^{2}(\Omega)$
$T_{m}\varphi=\varphi_{m}$
. $T_{m}$
(i) $Tm$ : $L_{M}^{2}(\Omega N)arrow\{$
$L_{M}^{2}(\Omega)(m=0)$ ,
$L^{2}(\Omega)(m\neq 0)$ ,
(ii) $T_{m}(\partial_{x}\varphi)=(i\alpha m+\partial x)T_{m}\varphi,$ $T_{m}(\partial_{z}\varphi)=\partial\tau zm\varphi$
, $T_{m}$ (12) (11) :
(14) $\{$
$-\sigma\varphi+\overline{A}(\alpha_{m})\varphi-\lambda B(\alpha_{m})^{-}1(-(i\alpha_{m}+\partial x)^{2})\theta+B(\alpha_{m})^{-}1\mathcal{M}1(\alpha_{m})\varphi=$ $0$ ,
$-\sigma\theta+Pr^{-}1(-\Delta_{m})\theta-\lambda Pr^{-1}(-(i\alpha_{m}+\partial_{x})^{2})\varphi+Pr-1\mathcal{M}2(\alpha_{m})\emptyset=$ $0$ .
, $\phi=(\varphi, \theta)^{T}\in D(B(\alpha_{m})1\prime 2)\cross L^{2}(\Omega)$ , $(-\Delta_{m}),$ $B(\alpha_{m}),$ $\overline{A}(\alpha_{m})$ ,
$\mathcal{M}.(\alpha_{m}),$ $(i=1,2)$ :
$(-\Delta_{m})\theta=-((i\alpha m+\partial)^{2}x+\partial)zz\theta$ ,
$\theta\in D((-\Delta_{m}))=\{\theta\in L2(\Omega);(-\Delta_{m})\theta\epsilon L^{2}(\Omega), \theta=0, z=0,1\}$ ,
$B(\alpha_{m})\varphi=(-\Delta_{m})(-(i\alpha+m\partial_{x})^{2})\varphi$,
$\varphi\in D(B(\alpha_{m}))=\{\varphi\in L^{2}(\Omega);B(\alpha_{m})\varphi\in L^{2}(\Omega), \varphi=0, z=0,1\}$, $(m\neq 0)$ ,
$\varphi\in D(B(\alpha_{m}))=\{\varphi\in L_{M}^{2}(\Omega);B(\alpha_{m})\varphi\in L^{2}(\Omega), \varphi=0, z=0,1\}$, $(m=0)$ ,
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$\overline{A}(\alpha_{m})$ $B(\alpha_{m})^{-1}A(\alpha_{m})$ $D(B(\alpha_{m})^{1/}2)$ ,
$A(\alpha_{m})\varphi=\Delta 2m(-\partial)xx\varphi$ ,
$\varphi\in D(A(\alpha_{m}))=\{\varphi\in L2(\Omega);A(\alpha_{m})\varphi\in L^{2}(\Omega), \varphi=\partial_{zz}\varphi=0, z=0,1\}$, $(m\neq 0)$ ,




$\mathcal{M}_{1}^{(0)}\emptyset=\underline{\delta}$ . $(\underline{\delta}\varphi_{S}\cdot\nabla\underline{\delta}\varphi+\underline{\delta}\varphi\cdot\nabla\underline{\delta}\varphi s)$ ,
$\mathcal{M}_{2}(\alpha_{m})\emptyset=\sum^{\mathrm{s}}\alpha_{m}^{k}\mathcal{M}_{2}(k)k=0\emptyset$, $\mathcal{M}_{2}^{(0)}\phi=Pr(\underline{\delta}\varphi s. \nabla\theta+\underline{\delta}\varphi\cdot\nabla\theta_{s})$ .






$\alpha_{m}=0$ , . $N.=1$ , $c_{1}=C_{1}(Pr)$
,
$\sigma(\mathcal{L}(0))\subset\{0\}\cup\{\sigma;{\rm Re}\sigma\geq c_{1}\epsilon^{2}\}$
. , $0$ simple eigenvalue , $\partial_{x}\phi_{s}$ . $\mathcal{L}_{N}$ $0$
, $\mathcal{L}(\alpha_{m}),$ $(|\alpha_{m}|\ll 1)$ , $0$ ,
, $\mathcal{L}(\alpha_{m}),$ $(|\alpha_{m}|\ll 1)$ , $0$ . ( . $D(B(\alpha_{m})^{1/}2)\neq$





, $P$ : $L^{2}(\Omega)arrow L^{2}(0,1)$ . $\cdot$ . $\cdot$
$(P \varphi)(z)=\frac{\alpha}{2\pi}\int-\frac{\pi}{\alpha}d\frac{\pi}{\alpha}\varphi(x, Z)x$
. $P_{1}=I-P$ , $P_{1}$ $L_{M}^{2}(\Omega)$ . ,
(i)
$PB(\alpha_{m})-1P=B(\alpha_{m})^{-}1P=\alpha_{m}-2(-\partial zz+\alpha_{m}^{2})^{-1}P$.
, $-\partial_{zz}$ $D((-\partial_{zz}))=H^{2}(\mathrm{o}, 1)\cap H_{0}1(\mathrm{o}, 1)$ Laplace .
(ii) $P_{1}B(\alpha_{m})^{-}1P1=B(\alpha_{m})^{-1}P_{1}$ $L_{M}^{2}(\Omega)$ $\alpha_{m}$ analyitic.
(iii)
$P\mathcal{M}_{1}^{(0)}\varphi=\mathcal{M}(0)P\varphi 1=0$ , $\mathcal{M}_{2}^{(0)}\phi=0$ , $\phi=(.P\varphi, 0)^{\tau}$ ,
$P\mathcal{M}_{1}^{(k)(k}(P1\varphi+P\varphi)=P\mathcal{M}1P_{1})\varphi$ , $k=1,$ $\cdots,$ $5$ .
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(iv)









$+B( \alpha_{m})-1P_{1}k=1\sum\alpha^{k}\mathcal{M}_{1\varphi 2}^{(}+B5mk)(\alpha_{m})^{-}1P_{1}\sum_{k=1}\alpha^{k}-1\mathcal{M}(k)5m1\varphi_{3}$ $=$ $0$ ,
$-\sigma\theta+Pr^{-}1(-\triangle_{m})\theta-\lambda Pr^{-1}[(-(i\alpha m+\partial)^{2}x)\varphi 1+\alpha_{m}^{2}\varphi 2+\alpha m\varphi_{3}]$
(17)
$+Pr^{-1} \mathcal{M}_{2}(\alpha m)\emptyset 1+Pr-1\sum\alpha^{k}\mathcal{M}_{2}(k)\phi m2+r^{-}k=15P1\sum_{=k1}\alpha-\mathcal{M}_{2}^{(}k15mk)\phi_{3}$ $=$ $0$ ,
(18) $- \sigma\varphi_{2}+A_{2}(\alpha m)\varphi 2+(-\partial_{zz}+\alpha_{m}^{2})^{-1}P(-\lambda\theta+\sum_{k=2}\alpha_{m}k-52\mathcal{M}_{1}(k)\varphi 1)=0$ ,
(19) $-\sigma\varphi_{3}+A_{2}(\alpha)m\varphi 3+(-\partial+zz\alpha)2mP-1\mathcal{M}_{1}^{()}\varphi 11=0$ .
, $(\varphi_{1}, \theta, \varphi_{2}, \varphi 3)T\in D(B_{1}^{1/})2\cross L^{2}(\Omega)\cross D((-\partial_{z}z)1/2)^{2}$ ; $\phi_{1}=(\varphi_{1}, \theta)^{T}$ ; $\phi_{2}=(\varphi_{2},0)^{T}$
; $\phi_{3}=(\varphi_{3},0)^{T}$ .
(ii) (16)$-(19)$
(20) $-\sigma\phi+\tilde{\mathcal{L}}(\alpha_{m})\emptyset=0$ , $\phi=(\varphi_{1}, \theta, \varphi 2, \varphi 3)T$
, $\tilde{\mathcal{L}}(\alpha_{m})$ holomorphic family of tyPe (A) (cf. [4]) , $\sigma=0$ $\tilde{\mathcal{L}}(0)$
simple eigenvalue , $\phi^{(0)}=$ $(\partial_{x}\varphi_{s} , \partial_{x}\theta_{s}, 0,0)^{T}$ .
(16)$-(19)$ . $\varphi=\varphi_{1}+\varphi 2$ , $\varphi_{1}=P_{1}\varphi$, $\varphi_{2}=P\varphi$ , (14)
$-\sigma\varphi_{1}+A_{\mathrm{I}}(\alpha)m\varphi_{1^{-}}\lambda(-\Delta_{m})-1P_{1}\theta+B(\alpha_{m})^{-}1P_{1}\mathcal{M}1(\alpha)m\varphi_{1}$
(21)
$+B( \alpha_{m})-1P_{1}k=1\sum\alpha_{m}^{k}5\mathcal{M}_{1}^{(k}\varphi 2)$ $=$ $0$ ,
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$-\sigma\theta+Pr-1(-\Delta_{m})\theta-\lambda Pr^{-}(1-(i\alpha m+\partial x)2)\varphi 1-\lambda Pr-1\alpha_{m}^{2}\varphi_{2}$
(22)
$Pr^{-1} \mathcal{M}_{2}(\alpha_{m})\phi 1+Pr^{-}\sum 1\mathcal{M}_{2}k=15\alpha^{k(}mk)\phi_{2}$ $=$ $0$ ,
(23) $- \sigma\varphi_{2}+A_{2}(\alpha_{m})\varphi 2+(-\partial zz+\alpha)^{-1}2mP.(-\lambda\theta+\sum_{k=1}^{5}\alpha^{k}-2\mathcal{M}_{1}\varphi_{1})m(k)=0$ .
, $\phi_{1}=(\varphi_{1}, \theta)^{\tau}$ ; $\phi_{2}=(\varphi 2,0)^{T}$ .
$L_{2}(\sigma, \alpha_{m})=-\sigma I+A_{2}(\alpha_{m})$ , $C>0$ , ${\rm Re}\sigma\leq C$









$+B( \alpha_{m})-1P_{1}\sum_{k=1}\alpha^{k}\mathcal{M}1\Psi 1+B5m(k)(\alpha_{m})^{-}1P_{1}\sum_{k=1}\alpha_{m}5k-1\mathcal{M}_{1}(k)\Psi 2$ $=$ $0$ ,
$-\sigma\theta+Pr-1(-\triangle_{m})\theta-\lambda Pr^{-1}(-(i\alpha_{m}+\partial)^{2}x)\varphi_{1^{-}}\lambda P\gamma-1\alpha^{2}\Psi_{1^{-}}\lambda Pr^{-1}\alpha m\Psi m2$
$Pr^{-1} \mathcal{M}_{2}(\alpha_{m})\emptyset 1+Pr^{-1}\sum^{5}\alpha_{m}\mathcal{M}2\psi_{1}k(k)+Pr^{-}\sum^{5}1\alpha-\mathcal{M}_{2\psi_{2}}k=1k=11km(k)$ $=$ $0$ .
, $\psi_{1}=(\Psi_{1},0)^{T},$ $\psi_{2}=(\Psi_{2},0)^{T}$ . $\Psi_{1},$ $\Psi_{2}$ 1 $=\varphi_{2},$ $\Psi_{2}=\varphi_{3}$ ,
(16)$-(19)$ .
3 $0$ $\tilde{\mathcal{L}}(0)$ simple eigenvalue $\langle\phi^{(0)}, \phi(0)*\rangle=1,\tilde{\mathcal{L}}(0)*\phi(0)*=0$
$\phi^{(0)*}$ . , $\langle$ $\cdot,$ $\cdot)$ $D(B_{1}^{1\prime 2})\mathrm{x}L^{2}(\Omega)\cross D((-\partial_{zz})^{1}/2)^{2}$ .
$\tilde{\mathcal{L}}(\alpha_{m})$ $0$ ,, $\sigma$
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